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ABSTRACT 



A diagnostic medium contains at least one physiologi- 
cally well tolerated complex salt comprising an anion of 
a complexing acid and one or more central ion or ions of 
an element with an atomic number of 21 to 29, 42, 44 or 
57 to 83 and, optionally, one or more physiologically 
biocompatible cation or cations of an inorganic and/or 
organic base or amino acid, optionally, with additives 
customary in galenic formulations, dissolved or sus- 
pended in an aqueous medium. 
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DIAGNOSTIC MEDIA 



CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. Scr. 
No. 401,594, filed on July 26, 1982, now abandoned, and 
is related to FRG application No. 3,302,410.3 of Jan. 21, 
1983, both of whose disclosures are entirely incorpo- 
rated by reference herein. 

BACKGROUND OF THE INVENTION 



wherein X is defined as above, each R\ is hydrogen or 
methyl, R2 and Rj together represent a trimethylene 
group or a tetramethylene group or individually are 
hydrogen atoms, lower alkyl groups (e.g., 1-8 carbon 
atoms), phenyl groups, benzyl groups, or R2 is a hydro- 
gen atom and R3 is 



10 -<CH 2 )^-C6H4-W-protcin 

wherein p is 0 or 1, W is — NN— , — NHCOCH2 — or 
— NHCS— , — protein represents a protein residue, m is 
the number 1, 2 or 3, Z is an oxygen atom or a sulfur 
15 atom or the group 



Complexes or their salts have long been used in medi- 
cine, for example, as aids in administering poorly solu- 
ble ions (e.g., iron) and as antidotes (in which calcium or 
zinc complexes are preferred) for detoxification in cases 2 o 
of inadvertent bodily incorporation of heavy metals or 
their radio isotopes. 



SUMMARY OF THE INVENTION 



25 



It is an object of this invention to provide complex 
salts for use in valuable diagnostic techniques. 

Upon further study of the specification and appended 
claims, further objects and advantages of this invention 
will become apparent to those skilled in the art. 

It has now been found t hat physiologically well toler- 
ated complex salts formed from the anion of a complex- 
ing acid and one or more central ions of an element with 
an atomic number of 21 to 29, 42, 44 or 57 to 83 arid, 
optionally, also forme d from one or more physiolog i- 
cally bioco mpatible catio ns of an inorganic and/or or- 
ganic base or arnjno_acid,^uiprisingly are suitable for 
producing diagnostic media which are suitable for use 
in NMR, X-ray and/or ultrasonic diagnosis. 

Thus, these objects have been attained by providing, 
preferably, a diagnostic medium containing at least one 
physiologically well tolerated complex salt of the for- 
mulae I or II 



>NCHiX.or >NCH,CHiOR 

wherein X is"as defined above and R4 is a lower alkyl 
group (e.g., 1-8 carbon atoms), V has the same meaning 
as X, or is 

— CH 2 OH, — CONH(CH 2 )„X or —COB 



wherein X is as defined above, B is a protein or lipid 
30 residue, n is a number from 1 to 12, or if Ri, R2 and R3 
are hydrogen atoms, both V's together are the group 



35 



40 



CH 2 X CH 2 X 
— (CH 2 ) W — N — CH2 — CH 2 — N — (CH2)* — 



wherein X is as defined above, w is the number 1, 2 or 
3, provided that at least two of .the substituents Y repre- 
sent metal ion equivalents of an element with an atomic 
number of 21 to 29, 42, 44 or 57 to 83. 
iNew such salts include complex salts of the formula 



45 



or 



X— CH 2 CH 2 — X 

\ / 
N— A— N 

/ \ 
V— CHRi CHR|— V 



NVCH 2 X)j 



0) 



X-CH 2 CH 2 — X 

\ / 

N-A-N 
/ \ 
V— CHRi CHR|— V 
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(ID. 



wherein, X is — COOY, — PO3HY or — CONHOY; Y 
is a hydrogen atom, a metal ion equivalent and/or a 
physiologically biocompatible cation of an inorganic or 
organic base or amino acid, A is 



55 



60 



wherein X, A, V and Ri are as defined above provided 
they contain 3 to 12 substituents Y, of which at least two 
are a metal ion equivalent of an element with an atomic 
number of 21 to 29, 42, 44 or 57 to 83 and. in addition, 
,at least one substiiucnt Y is the physio jogijally biocom- 
patible cation of an or ganic base or amino acid, "wherein 
the optionally remaining ^ubsuruents~Y~represent hy- 
drogen atoms or cations of an inorganic base. 

DETAILED DISCUSSION 



— CHRj— CHR3— , 
— CH2-CHKZCH2-CH2)* 



N(CH 2 Xh CHj— CHj— N(CH 2 Xh 

— CH 2 — CH— CH 2 — or — CH 2 — CH 2 — N — CH 2 — CH 2 — 



The element of the above-mentioned atomic number 
65 which forms the central ion or ions of thetphysiologi- 
fcally well tolerated complex salt, obviously must not be 
radioactive for the intended use of the diagnostic me- 
dium according to this invention. 
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If the medium according to the invention is intended 
to be used in NMR diagnosis (see, e.g., European patent 
application 71 564 as well as parent Ser. No. 401,594, 
both of which are entirely incorporated by reference 
herein), the central ton of the complex salt must be 
paramagnetic. It preferably is the divalent or trivalent 
ions of elements with an atomic number of 21 to 29, 42, 
44 and 58 to 70. Suitable ions, for example, include 
chromium(III), manganese(II), iron(III), iron(Il), co- 
balt(Il), nickel(II), copper(II), praseodymium(III), 10 
neodymium(III), samarium(III) and ytterbium(III). Be- 
cause of their very strong magnetic moments, gadolini- 
um(IH). terbium(III), dysprosium(III), holmium(III), 
and erbiumflll) are preferred. 

If the medium according to the invention is intended 15 
for use in X-ray diagnosis, the central ion has to be 
derived from an element with a higher atomic number 
to achieve a sufficient absorption of X-rays. It has been 
found that diagnostic media containing a physiologi- 
cally well tolerated complex salt with central ions of 20 
elements with atomic numbers of 57 to 83 are suitable 
for this purpose. These include, for example, lan- 
thanum(III), the above mentioned ions of the lanthanide 
group, goId(III), lead(II) or, especially, bismuth(IH). 

All of the media according to the invention, also 25 
intended for use both in NMR and X-ray diagnosis, are 
also suitable for use in ultrasonic diagnosis. 

By "complexing acid" herein is meant an acid which 
acts as a ligand for the metals of interest thereby form- 
ing a chelate therewith. 30 

Suitable complexing acids include those which are 
customarily used for complexing of the above men- 
tioned central ions. These include, for example, those 
containing 3 to 12, preferably 3 to 8, methylene phos- 
phonic acid groups, methylene carbohydroxamic acid 35 
groups, carboxyethylidene groups, or especially car- 
boxymethylcne groups, one, two or three of which are 
bonded to a nitrogen atom supporting the complexing. 
If three of the acid groups axe bonded to a nitrogen 
atom, then the underlying acids complexing the com- 40 
plex salts of formula II are present. If only one or two of 
the acid groups are bonded to a nitrogen atom, that 
nitrogen is bonded to another nitrogen atom by an op- 
tionally substituted ethylene group or by up to four 
separate ethylene units separated by a nitrogen or oxy- 45 
gen or sulfur atom supporting the complexing. Com- 
plexing acids of this type are preferably those of for- 
mula I. 

The complexing acids can be coupled as conjugates 
with biomolecules that are known to concentrate in the 50 
organ or part of the organ to be examined. These bi- 
omolecules include, for example, hormones such as 
insulin, prostaglandins, steroid hormones, amino sugars, 
peptides, proteins, lipids etc. Conjugates with albumins, 
such a5 hi;*TiF.n scrum albumin, antibodies, for example, 55 
liioaoc'ioi:^ kxiiilfO-jics spccif.c to lui^*; ^--wci^tcd anti- 
gens, or antimyosin etc. are especially notable. The 
diagnostic media formed therefrom are suitable, for 
example, for use in tumor and infarct diagnosis. Conju- 
gates with liposomes, or by inclusion of the salts in 60 
liposomes, in both cases which, for example, are used as 
unilamellar or multilamellar phosphatidylcholine- 
cholesterol vesicles, are suitable for liver examinations. 
Conjugating can be conventionally effected either via a 
carboxyl group of the complexing acid or, in the case of 65 
proteins or peptides, also by a (CHfip — C4H4 — W — 
group, as defined for Ky above. Several acid radicals can 
be partially bonded to the macromolecular biomolecule 



in the conjugation of the complex salts with proteins, 
peptides or lipids. In this case, each complexing acid 
radical can carry a central ion. If the complexing acids 
are not bonded to biomolecules, they optionally carry 
two central ions, usually and especially one central ion. 

Suitable complex salts of formula I include, for exam- 
ple, those of formula la 



x— ch 2 



V— CHR 



\ / 
^N— CHR 2 — CHRj— 



CH 2 — X 



(la) 



CHR.— V 



where X, V, R|, R2 and R3 are as defined above. 

The following complexing acids, among others, are 
suitable for production of the complex salts of formula 
la: ethylenediaminetetraacetic acid, 

ethylenediaminetetraacethydroxamic acid, trans- 1, 2- 
cyclohexenediaminetetraacetic acid, dl-2,3-butylenedia- 
mine tetraacetic acid, dl-l,2-butylenediaminetetraacetic 
acid, dl-l,2-d7aminepropanetetraacetic acid, 1,2- 
diphenylethylenediaminetetraacetic acid, ethylenedini- 
trilotetrakis(methane phosphonic acid) and N-(2- 
hydroxyethyl)-ethylenediaminetriacetic acid. 

Other suitable complex salts of formula I include, for 
example, those of formula lb 



X— CH 2 



V — CHR] 



V 



N-CH 2 -CH 2 -(Z-CH 2 — CHi) m — N 



\ 



CH 2 — X 



(lb) 



CHRi — V 



where X, V, Z, K\ and m are as defined above. If Z is an 
oxygen atom or a sulfur atom, complex salts with m 
equal to 1 or 2 are preferred. 

The following complexing acids, among others, are 
suitable for production of the complex salts of formula 
lb: diethylenetriaminepentaacetic acid, triethylenetet- 
raaminehexaacetic acid, tetraethylenepentaaminehep- 
taacetic acid, 13,23-dicvo-15,lS,2 1 -tris(car boxy ::;-:*. by 1)- 
12,15,18,21,24-pentaazapentatriacontanedioic acid, 3,9- 
bis-( I -carboxyethyl)-3,6 l 9-triazaundecanedioic acid, 
diethylenetri3minepentakis-(methy!ene phosphonic 
acid), 1 , 10-diaza-4,7-dioxadecane- 1,1-10, 10-tetraacetic 
acid and, 1, 1 0-diaza-4,7-dithiadecane- 1,1, 10, 10-tetraa- 
cetic acid. 

Moreover, suitable complex salts of formula I, in- 
clude those of formula Ic 



X— CH 2 



X— CH 2 



\ / 
N — CH 2 — CH 2 — N 

CH 2 CH 2 

! 1 

1 I 
^N— CH 2 — CH 2 — 



CH 2 — X 



(Ic) 



CH 2 — X. 



where X and w are as defined above. 

The following complexing acids, among others, are 
suitable for production of the complex salts of formula 
Ic: 1,4,8, n-tctraazacyclotetradecanetetraacctic acid 
and especially 1,4,7, 10-tetraazacy clod odecanetetraa- 
cetic acid. 

Other complexing acids, which are suitable for pro- 
duction of the complex salts of formula I, include for 
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example: l # 2 ( 3-tris-[bis-(carboxymethyl)-amino-]-pro- 
panc and mtrilotris-(ethyIenenitrilo)-hexaacetic acid. 
Nitrilotriacctic acid is an example of a complexing acid 
suitable for production of the complex salts of formula 
II. 5 

If not all of the hydrogen atoms of the complexing 
acids are substituted by the central ion or central ions, it 
is advantageous to increase the solubility of the complex 
salt to substitute the remaining hydrogen atoms with 
physiologically biocompatible cations of inorganic and- 10 
^rorganic bases or amino acids. For example, the 
lithium ion, the potassium"ion and especially the sodium 
ion are suitable inorganic cations. Suitable cations of 
organic bases include, among others, those of primary, 
secondary or tertiary amines, for example, ethanol- 15 
amine, diethanolamine, morpholine, glucamine, N,N- 
dimethylglucamine or especially N-methylglucamine. 
Lysines, arginines or ornithines are suitable cations of 
amino acids, as generally are those of other basic natu- 
rally occurring such acids. 20 

AH of the complexing acids used in the agents accord- 
ing to the invention are known or can be produced in a 
way fully conventional in the art. Thus, for example, 
production of 1 3,23-dioxo- 15, 18,21 -tris(carboxyme- 
thyl)-12,15,18,21,24-pentaazapenUtriacontanedioic acid 25 
is produced in an improvement of the method proposed 
by R. A. Bulman et al. in Naturwissenschaften 68 (1981) 
483, as follows: 

17.85 g (=50 mmole) of l l 5-bis(2,6-dioxomor- 
pho!ino)-3-azapentane-3-acetic acid is suspended in 400 30 
ml of dry dimethylformamide and heated for 6 hours to 
70* C. after addition of 20.13 g (=100 mmole) of 11- 
aminoundecanoic acid. The clear solution is concen- 
trated in vacuo. The yellow oil residue is stirred with 
500 ml of water at room temperature. In this way, a 35 
white, voluminous solid precipitates which is suctioned 
ofT and washed several times with water. The resulting 
product is put into 200 ml of acetone for further purifi- 
cation and stirred for 30 minutes at room temperature. 
After suctioning off and drying in vacuo at 50* C, 36.9 40 
g ( = 91% of theory) of a white powder with a melting 
point of 134"-13£* C. is obtained. 

Conjugation of the complexing acids with bi- 
omolecules also occurs by methods fully conventional 
in the art, for example, by reaction of nucleophilic 45 
groups of biomolecules, for example, amino, hydroxy, 
thio or imidazole groups with an activated derivative of 
the complexing acid. For example, acid chlorides, acid 
anhydrides, activated esters, nitrenes or isothiocyanates 
can be used as activated derivatives of complexing 50 
acids. On the other hand, it is also possible convention- 
ally to react an activated biomolecule with the com- 
plexing acid. Substituents of the structure — C6H4N2+ 
or C6H4NHCOCH2— halogen can also be used for 
conjugating with proteins. 55 

Production of the complex salts is also known or can 
be performed fully conventionally as known in the art, 
e.g., in processes in which the mcud o:-Jdc o: a rucud salt 
(for example, nitrate, chloride or sulfate) of an element 
with an atomic number of 21 to 29, 42, 44 or 57 to 83 is 60 
dissolved or suspended in water and/or a lower alcohol 
(such as methyl, ethyl or isopropyl alcohol) and added 
to a solution or suspension of the equivalent amount of 
the complexing acid in water and/or a lower alcohol 
and stirred, if necessary, with heating moderately or to 65 
the boiling point, until the reaction is completed. If the 
complex salt that is formed is insoluble in the solvent 
that is used, it is isolated by filtering. If it is soluble, it 



can be isolated by evaporation of the solvent to dryness, 
for example, by spray drying. 

If acid groups are still present in the resulting com- 
plex salt, it is often advantageous to convert the acidic 
complex salt into a neutral complex salt by reaction 
with inorganic and/or organic bases or amino acids, 
which form physiologically biocompatible cations, and 
isolate them. In many cases, the procedure is even un- 
avoidable since the dissociation of the complex salt is 
moved toward neutrality to such an extent by a shift in 
the pH value during the preparation that only in this 
way is the isolation of homogeneous products or at least 
their purification made possible. Production is advanta- 
geously performed with organic bases or basic amino 
acids. It can also be advantageous, however, to perform 
the neutralization by means of inorganic bases (hydrox- 
ides, carbonates or bicarbonates) of sodium, potassium 
or lithium. 

To produce the neutral salts, enough of the desired 
base can be added to the acid complex salts in an aque- 
ous solution or suspension that the point of neutrality is 
reached. The resulting solution can then be concen- 
trated to dryness in vacuo. It is often advantageous to 
precipitate the neutral salts by addition of solvents mis- 
cible with water, for example, lower alcohols (methyl, 
ethyl, isopropyl alcohols, etc.), lower ketones (acetone, 
etc.), polar ethers (tetrahydrofuran, dioxane, 1,2-dime- 
thoxyethane, etc.) and thus obtain crystallizates that 
isolate easily and purify well. It has been found particu- 
larly advantageous to add the desired bases to the reac- 
tion mixture even during complexing and thus eliminate 
a process stage. 

If the acid complex salts contain several free acid 
groups, it is then often advantageous to produce neutral 
mixed salts which contain both inorganic and organic 
physiologically biocompatible cations as counterions. 
This can be done, for example, by reacting the complex- 
ing acids in an aqueous suspension or solution with the 
oxide or salt of the element supplying the central ion 
and less than the full amount of an organic base neces- 
sary for neutralization, e.g., half, isolating the complex 
salt that is formed, purifying it, if desired, sr.d then 
adding it to the amount of inorganic base necessary for 
complete neutralization. The sequence of adding the 
bases can also be reversed. 

Production of the diagnostic media according to the 
invention is also performed in a way known in the art. 
For example, the complex salts, optionally with addi- 
tion of the additives customary in galenicals, are sus- 
pended or dissolved in an aqueous medium and then the 
solution or suspension is sterilized. Suitable additives 
include, for example, physiologically biocompatible 
buffers (as, for example, tromethamine hydrochloride), 
slight additions of complexing agents (as, for example,, 
diethylenetriaminepentaacetic acid) or, if necessary, 
electrolytes (for example, sodium chloride). 

In principle, it is also possible to produce the diagnos- 
tic media according to the invention without isolating 
the complex salts. In this case, special care must be 
taken to perform the chelating so that the salts and salt 
solutions according to the invention are essentially free 
of uncomplexed, toxically active metal ions. This can be 
assured, for example, using color indicators such as 
xylenol orange by control titrations during the produc- 
tion process. The invention therefore also relates to the 
process for production of the complex compound and 
its salts. A purification of the isolated complex salt can 
also be employed as a final safety measure. 
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If suspensions of the complex salts in water or physio- ological processes can be seen only after application of 

logical salt solutions are desired for oral administration a strongly paramagnetic contrast medium, according to 

or other purposes, a small amount of soluble complex tne invention, higher than the doses indicated in EP 

salt is mixed with one or more of the inactive ingredi- 71564 (which can bc from o m mmo leAg to 5 mrao- 

ents customary in galenicals and/or surfactants and/or 5 Ie/kg) XhuS| for cxamp | C( a de f e ctive blood-brain bar. 

aromatics for flavoring. rier in the ; Qn of a Cfanial abscc$s can fee dctccted 

The diagnostic media according to this invention . f , „ , f nn( , - r 

preferably contain 1 ,xmole to 1 mole per liter of the ^ . nf i T r m?**** Preferably 

complex salt and, as a rule, are administered in doses of V.' 0 5 mmole/ ?S> of Paramagnetic complex salts of 

0.001 to 5 mmoleAg. They are intended for oral and 10 this invenll0n > for example, gadolinium diethylenetn- 

particularly parenteral administration. aminepentaacetic acid or manganese- 1,2-cyclohex- 

The media according to the invention, meet the van- cnediaminetetraacetic acid in the form of their salts that 
ous requirements for suitability as contrast media for havc 8 ood aqueous solubility. For a dose greater than 
nuclear spin tomography. They are exceptionally suit- 0.1 mmoleAg, solutions of high concentrations up to 1 
able for improving the image, e.g., its expressiveness, 15 mole/1, preferably 0.25 to 0.75 mole/1, are necessary, 
which is obtained with nuclear spin tomography by since only in this way is the volume load reduced and 
enhancement of the signal strength after oral or paren- handling of the injection solution assured, 
teral application. Moreover, they exhibit the great ef- Particularly low dosages (under 1 mgAg) and thus 
fectiveness that is necessary to load the body with the lower concentrated solutions (1 >imole/l to 5 mmole/1), 
least possible amount of foreign substances while 20 than indicated in EP^7 1564, can be used in this invention 
achieving beneficial results, and the good tolerance that for organ-specific NMR diagnosis, for example, for 
is necessary to maintain the noninvasive character of detection of tumors and cardiac infarction, 
the examination. <Jhe compoimds mentioned, for exam- Generally, the agents of this invention are adminis- 
.ple in J.Co^^^^^ in doses f 0(X)1 _ 5 mmoIc/k pr eferably 
Radiology 44, 343 (1982 > and in Brevet Special de 25 0 Q05 _q .5 mmo , e Ag for NMR diagnostic!; in doses of 
Medicament No. 484 M(1960) are too toxic). The good n , c 1/1 r i_i rt « , ' r v 
aqueous solubility of the media according to the inven- ^^g. preferably 0.25-1 mmoleAg for X-ray 
tion makes it possible to produce highly concentrated diagnostics, e.g., analogous to meglumine-diatnzoate, 
solutions and in this way to keep the volume load of the and In doses of ai ' 5 mmoleAg, preferably 0.25-1 
circulatory system within supportable limits and com- 30 mmoleAg for ultrasound diagnostics, 
pensate for dilution by the body fluids, i.e., NMR diag- Without further elaboration, it is believed that one 
nostic media must be 100 to 1000 times more soluble in skilled in the art can, using the preceding description, 
water than for conventional NMR spectroscopy. More- utilize the present invention to its fullest extent. The 
over, the media according to the invention exhibit not following preferred specific embodiments are, there- 
only a great stability in vitro but also an exceptionally 35 fore, to be construed as merley illustrative, and not 
great stability in vivo, so that a release or exchange of limitative of the remainder of the disclosure in any way 
the ions, which are not covalently bonded in the com- whatsoever. In the following examples, all temperatures 
plexes and which in themselves would be toxic in the 24 arc se t forth uncorrected in degrees Celsius; unless oth- 
hours in which— as pharmacological research has cruise indicated, all parts and percentages are by 
shown — the new contrast media are generaly com- 40 weight. 

pletely eliminated, occurs only extremely slowly. For \ n ^ othcT thc diagnoslic me dia and salts per 

example, the conjugates with proteins and antibodies ^ of this invention mclude of thosc compounds 

used for tumor diagnosis even in very low dosage, wherdn flt Icast Qnc y is not a metal equivalent of said 

result in such a surprising ly great enhancement of the atomJc ftnd . „ . . ^ f inor . 

signal that in this case solutions in correspondingly low 45 . . . . . . . 

concentrations can be applied. game or or^c base or ^ a~ B «aiL 

The media according to the invention are also excep- , An . preferred salt of this invention, inter 

tionally suitable as X-ray contrast media. In this case, it ^ 15 that °. f cxam P lc 5 (Production of the di-N- 

should be particularly stressed that with them no indica- Methylglucammc salt of gadolinium(in) complex of 

tions of anaphylactic type reactions can be detected as 50 d»ethylenetnamine-N,N,N',N M ,N"-pentaacetic acid, 

opposed to contrast media containing iodine which are C2sHMGdN502o)- 

known in biochemical and pharmacological tests. These EXAMPLE 1 
agents of this invention are especially valuable because 

of the favorable absorption properties in the range of Production of the gado!inium(IH) complex of 

higher X-ray tube votun.:s for digital subt recti on tech- 55 niirilo-N.N.N-triacetic acid CJ-UGdNO* 

niques. , . . . The suspension of 36.2 g (= 100 mmoies) of gadolin- 

The media according to the invenuon are also suit- ium oxide (Gd 2 0 3 ) and 38.2 g (=200 mmoies) of nitrilo- 

able as ultrasonic diagnostic media because of their tor. _ c \ • t_ / <w r- #~ 

_ , iAff . , r _ . . tnacctic aad in 1.2 liters of water is heated to 90 C to 

property of favorably influencing the ultrasonic rate. lrkn . ~ ... . . , . « „*, „ 

In contrast to conventional X-ray diagnosis with 60 \ 00 ^ Wth i?™* ^ * f™ 1 at *» 
radiopaque X-ray contrast media, in NMR diagnosis for 48 h ^ J 1 ™ * c ™°^ b]c Pf* " « tered off ™* 
with paramagnetic contrast medium there is no linear acdvated carbon 41,(1 » evaporated to dry- 
dependence of the signal enhancement on the concen- ncss * Thc amorphous residue is pulverized, 
tration used. As control tests show, an increase in the Yield: 60 g; (87% of theory) 
applied dosage does not necessarily contribute to a 65 Melting point: 300* C 

signal enhancement, and with a high dosage of para- Gadolinium: calculated, 45.5%; found, 44.9% 

magnetic contrast medium the signal can even be oblit- The iron(III) complex of nitriIo-N t N ( N-triacetic acid 

crated. For this reason, it was surprising that some path- *i* obtained with the aid of iron(III) chloride, FeCb. 
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EXAMPLE 2 



Production of the disodium salt of gado!inium(III) 
complex of 
t3,23-dioxo-15,18,21-tris(carboxymethyI)- 
1 2, 1 5, 1 8,2 1 ,24-pentaazapentatriacontanedioic acid, 
Cj6H6oGdN 5 0|2.2Na 

15.2 g (=20 mmoles) of 13,23-dioxo-15, I8 ( 21-tris(car- 
boxymethyl)- 12,15.18,21 ,24-pentaazapentatriacon- 
tanedioic acid are suspended in 4O0 ml of water and 
heated to 95* C. 7.43 g (=20 mmoles) of gadolinium- 
(III) chloride hexahydrate, dissolved in 60 ml of water, 
are slowly added drop by drop. It is kept at this temper- 
ature for 2 hours and then mixed with 60 ml of IN 
sodium hydroxide solution to neutralize the resulting 
hydrocloric acid. 

After complete reaction (tresting with xylenol 
orange), the resulting precipitation is filtered and 
washed with water until free of chloride. 17.60 g (96% 
of theory) of a white powder, insoluble in water, with a 
melting point of 290 - -292* C. are obtained. 

GadoIinium(III) complex of l3,23-dioxo-15, 18,21- 
tris(carboxymethyl)- 12,15,18,21 ,24-pentaazapenta- 
triacontanedioic acid. 

Analysis: (Calculated) C 47.30; H 6.84; N 7.66; Gd 
17.20; (Found) C 47.13; H 6.83; N 7.60; Gd 17.06. 

14.6 g (= 16 mmoles) of the gadolinium(lH) complex 
thus obtained are suspended in 200 ml of water and 
mixed drop by drop with 31.4 ml of IN sodium hydrox- 
ide solution. After 1 hour, a clear solution is obtained, 
filtered and then concentrated in vacuo. After drying in 
vacuo at 80* C, 13.2 g (87% of theory) of a white pow- 
der, with good aqueous solubility and a melting point of 
279 # -285 # C, are obtained. 

Analysis: (Calculated) C 45.13; H 6.31; N 7.31; Gd 
16.41; Na 4.80; (Found) C 45.20; H 6.12; N 7.28; Gd 
16.26; Na 4.75. 

Similarly, di-N-methylglucamine salt of gadolinium- 
(III) complex of 1 3,23-dioxo- 15.1 8,21 -tris(carboxyme- 
thyl)-12, 1 5, 1 8,2 1,24-pentaaz.apentairiacontanedioic 
acid, CsoHgeGdNTOjzis obuined with N-methylgluca- 
mine instead of sodium hydroxide solution. 

EXAMPLE 3 

Production of the disodium salt of gadolinium(lII) 
complex of 

3,9-bis( 1 -carboxyethyl)-6-carboxymethyl-3,6,9- 
triazaundecanedioic acid, Ci6H22GdN30io.2Na 

36.2 g (=0.1 mole) of gadolinium(III) oxide and 84.2 
g (=0.2 mole) of 3,9-bis(l-carboxyethyI)-6-carbox- 
y methyl- 3, 6,9-triazaundecanedioic acid are suspended 
in 250 ml of water and refluxed for 1 hour. The small 
amount of insoluble material is filtered off and the solu- 
tion is concentrated to dryness in vacuo. The residue is 
p.'Ivcnzcd an<? dri'-'d at 60* C. in vacuo. 112.8 g ( = 98% 
Cl theory) of the chelate are obtained as white powder. 

Analysis: C|6H 2 4GdNjOi 0 : (Calculated) C 33.39; H 
4.20; Gd 27.32; N 7.30; (Found) C 33.25; H 4.49; Gd 
27.42; N 7.21. 

57.6 g (=0.1 mole) of the chelate are introduced in a 
solution of 0.1 mole of sodium hydroxide in 100 ml of 
water. The solution is set at a pH of 7.5 by addition of 
another 0.1 mole of sodium hydroxide powder, the 
solution is heated to boiling and ethyl alcohol is added 65 
drop by drop until permanent clouding. After several 
hours of stirring in an ice bath, the crystallizate is suc- 
tioned off, washed with ethyl alcohol and dried in 
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vacuo. The disodium salt is obtained as a white powder 
in quantitative yield. 

Analysis: (Calculated) C 31.02; H 3.58; Gd 25.38; N 
6.78; (Found) C 31.10; H 3.71; GD 25.50; N 6.61. 

EXAMPLE 4 

Production of the dimorpholine salt of gadolinium(III) 
complex of 

3, 9-bis(l-carboxyethyI)-6-carboxymethy 1-3, 6,9- 
triazaundecanedioic acid, C2^H42GdNiOi2 

17.4 g (=0.2 mole) of morpholine are dissolved in 50 
ml of water. 42.1 g (=0.1 mole) of 3,9-bis(l-carboxye- 
thyl)-6-carboxymethyl-3,6,9-triazaundecanedioic acid 
and then 18.2 g (=0.05 mole) of gadolinium(III) oxide 
are added and refluxed until a clear solution occurs. 
Then acetone is added drop by drop by drop until a 
permanent clouding. After several hours stirring in an 
ice bath, the crystallizate is suctioned off, washed with 
acetone and dried in vacuo. Dimorpholine salt is ob- 
tained in quantitative amount as a white powder. 

Analysis: (Calculated) C 38.44; H 5.65; Gd 20.97; N 
9.34; (Found) C 38.31; H 5.72; Gd 20.76; N 9.32. 

EXAMPLE 5 

Production of the di-N-Methylglucamine salt of 
gadoIinium(III) complex of 
diethylenetriamine-N,N,N',N'\N''-pentaacetic acid, 

C 2 8H54GdN 5 O20 

39.3 g (=100 mmoles) of diethylenetriamine- 
N,N,N',N",N"-pentaacetic acid are suspended in 200 ml 
of water and mixed with 19.5 g (=100 mmoles) of N- 
methylglucamine. Then 18.12 g (=50 mmoles) of 
gadolinium(III) oxide, Gd203are added in portions and 
the resulting suspension is heated to 95* C. After about 
1 hour, it is mixed with another 19.5 g (=100 mmoles) 
of N-methylglucamine and, after two more hours of 
heating, a clear solution is obtained. After complete 
reaction (testing with xylenol orange) it is filtered from 
the small amount of undissolved material and the filtrate 
is concentrated in vacuo to dryness. Tne residue is again 
dissolved in 100 ml of water and stirred into 250 ml of 
ethyl alcohol. After several hours of cooling, the crys- 
tallizate is suctioned off, washed with cold ethyl alcohol 
and dried at 60" in vacuo. 92.7 g (99% of theory) of a 
white powder with an uncharacteristic melting point is 
obtained. 

Analysis: (Calculated) C 35.85; H 5.80; N 7.47; Gd 
16.77; (Found) C 35.50; H 5.72; N 7.20; Gd 16.54. 

Acetone, propyl alcohol or isopropyl alcohol can 
also be used instead of ethyl alcohol for purifying the 
complex salt. 

Correspondingly, there are obtained: 
with dysprosium(III) oxide, Dy203 
di-N-methylr.!ucamine salt of dysprosium(TII) cotn- 
pioi of dicLhyler 1 etriamine-N,N,N , ,N" i N"-peniaaceria 

acid, C28H54DyN 5 0 2 o; 

with lanthanum(III) oxide, La2<D3 
di-N-methylglucamine salt of lanthanum(lll) com- 
plex of diethyIenetriamine-N,N,' f N" f N"-pentaacetic 
acid, CuH^LaNjOao; 

with ytterbium(III) oxide, YbiOj 
di-N-methylglucamine salt of ytterbium(III) complex 
of diethylenetriamine-N,N,N\N'',N''-pentaacetic acid, 

C2sHs4YbN 3 O20 

with samarium(Iir) oxide, Sm203 
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di-N-methylglucamine salt of samarium(III) complex 
of diethyIenetriamine-N,N,N',N'' 1 N'\-pentaacetic acid, 
C28HMSmN 5 0 2 o; 

with holmium(III) oxide, H02O3 

di-N-methylglucamine salt of holmium(III) complex 5 
of diethyIenetriamine-N,N,N\N' , ,N''-pentaacetic acid, 
C28H54H0N5O20; 

with bismuth(III) oxide, B12O3 

di-N-methylglucamine salt of bismuth(III) complex 
of diethylenetriamine-N,N,N',N'',N''-pentaacetic acid, 10 

C28H 5 4BiN 5 O20; 

with gadoIinium(III) oxide, Gd203 

tri-N-methylglucamine salt of gadolinium(III) com- 
plex of triethylenetetraamine-N,N,N',N'',N'\N''-hexaa- 
cetic acid, C39H7sGdN7027; 

Further, there are obtained: 

with holmium(III) oxide, H02O3 and ethanolamine 
instead of N-methylglucamine 

diethanolamine salt of holmium(III) complex of die- 2Q 
thylenetriamine- 1 N,N,N',N",N"-pentaacetic acid, 
Ci 8 HmHoN 3 Oi2; 

with gadolinium(III) oxide, Gd2<33 and lysine instead 
of N-methylglucamine 

dilysine salt of gadoIinium(III) complex of die- 25 
thyIenetriamine-N,N,N',N'\N''-pentaacetic acid, 

C26H4 8 GdNTOH. 

With the use of diethanolamine 

the di-diethanolamine salt of holmium(III) complex 
of diethylenetriamine-pentaacetic acid, C22H42H0N- 30 
5O14. 

The salts appear as white powders with an uncharac- 
teristic melting point . 



35 



Production of the disodium salt of gadolinium(III) 
complex of 

diethylenetriamine-N,N,N',N",N"-pentaacetic acid, 
C|4H 1 8GdN 3 0 I o.2Na 

18.2 g ( = 0.05 mole) of gadolinium(III) oxide and 39.3 40 
g (=0. 1 mole) of diethylenetriarninepcntaacetic acid are 
suspended in 1 10 ml of water and refluxed for 1 hour. 
The clear solution is cooled and brought to pH 7.5 by 
addition of about 80 ml of 5N sodium hydroxide solu- 45 
tion. It is again heated to boiling and 250 ml of ethyl 
alcohol are added drop by drop. After several hours of 
stirring in an ice bath, the crystallizate is suctioned oft, 
washed with ice-cold ethyl alcohol and dried in vacuo 
at 60* C. A white powder, that does not melt up to 300* 50 
C, is obtained in quantitative amount 

Analysis: (Calculated) C 28.43; H 3.07; N 7.10; Gd 
26.58; (Found) C 28.35; H 2.95; N 7.05; Gd 26.37. 

In a corresponding way, there are obtained: with 
dypfOsium(lll) oxide, Dy203 55 

disodium salt of dyprosium(lII) complex of die- 
thyIenetriamme-N,N,N\N'\N''-pentaacetic acid, 
Ct4Hi8LaNjOi(aNa; 

with lanthanum(III) oxide, LaiOy 

disodium salt of lanthanum(III) complex of die- 60 
thylenetriamine-N,N,N' i N'',N''-pentaacetic acid, 
Ci4Hi8LaN30i(UNa; 

with holmium(III) oxide, H07O3 

disodium salt of hoImium(III) complex of diethylene- 
triamine-N,N,N*.N' # ,N''.pentaacetic acid, C14H18H0N- 65 
3 Oio^Na; 

with ytterbium(III) oxide, Y02O3 



disodium salt of ytterbium(III) complex of die- 
thy!enetriamine-N,N,N',N",N"-pentaacetic acid, 
CuHi 8 YbN 3 Oio.2Na; 

with samarium(III) oxide, Sm20 3 

disodium salt of samarium(IIl) complex of die- 
thylenetriamine-N,N,N',N'',N''-pentaacetic acid, 
Ci4H| 8 SmN3O|0.2Na; 

with erbium(MI) oxide, E02O3 

disodium salt of erbium(III) complex of diethylene- 
triamine-N,N,N',N",N"-pentaacetic acid, CuHigEbN- 
3 Oio.2Na; 

with gadolinium(III) oxide, Gd203 

sodium salt of digladoIinium(III) complex of tetrae- 
thylenepentamine-N,N,N',N",N'",N' r ,N' , '-heptaacetic 
acid, C22H3oGd2N50u Na. 

These salts appear as white powders with an unchar- 
acteristic melting point and have a very good aqueous 
solubility. 

-EXAMPLES 

Production of the N-methylglucamine salt of iron(III) 
complex of diethylenetriaminepcntaacetic acid, 
C2iH 3 7FeN40 15 

35.40 g (=90 mmoles) of diethylenetriaminepentac- 
cetic acid are suspended in 100 ml of water and mixed 
with 24.3 g (=90 mmols) of iron(III) chloride hexahy- 
drate (FeCl3.6H 2 0) dissolved in 100 ml of water. The 
suspension, which is dark brown at first, is heated to 95* 
C. After about 1 hou, the color changes to light yellow. 
270 ml of IN sodium hydroxide solution is added to 
neutralize the resulting hydrochloric acid and it is 
heated for another 3 hours to 95* C. The resulting light 
yellow precipitate is suctioned off, washed with water 
until free of chloride and dried in vacuo at 60* C. 17.85 
g (45% of theory) of a light yellow powder, with a 
melting point of >300* C, is obtained. 

17.85 g ( = 40 mmoles) of the resulting iron(III) com- 
plex are suspended in 200 ml of water and thoroughly 
mixed in portions with 7.8 g ( = 40 mmoles) of N- 
methylglucamine. It is heated for about 3 hours to 50* 
C. and a nearly clear, reddish brown solution is ob- 
tained, which is filtered and then concentrated in vacuo 
to dryness. The residue is dried in vacuo at 50* C. 24.3 
g (95% of theory) of a reddish brown powder with a 
melting point of 131M33* C. are obtained. 

Analysis: (Calculated) C 39.82; H 5.89; N 8.85; Fe 
8.81; (Found) C 39.70; H 6.00; N 8.65; Fe 9.01. 

With sodium hydroxide solution instead of the or- 
ganic bases, there are obtained: 

sodium salt of iron(III) complex of ethylenediamine- 
tetraacetic acid, CioHuFe^Og.Na 

sodium salt of iron(III) complex of trans- 1,2- 
cyclohexencdiaminetetraacetic acid, CuKigFeN- 
20 8 .Na 

disodium of iron(III) complex of diethylenetrini- 
trilopenta(methanephosphonic acid), CjHuFeN- 
30i 3 P5^Na 

sodium salt of iron (II I) complex of l,10-diaza-4,7- 
dioxadecane-l,l,10,10-tetraacetic acid, C14H20FCN- 
TOio-Na 

sodium salt of iron(III) complex of 
ethylenediammetetraacethydroxamic acid, CioHi6FeN- 
«0 8 .Na 

In a corresponding way, there are obtained with 
N-methylglucamine: 
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di-N-methylglucamine r salt of iron(III) complex of from cobah(II) carbonate the disodium salt of cobalt- 
dieihylcnctnaininc-N.N.N.N ,N -pentaacetic acid, (II) complex of trans-l,2-cyclohexenediarninetetraa- 
C28H 5 4FeN 5 O20 cctic acid, C|4Hi8CoN 2 0 8 .2Na; 

N-methylglucaminesaltof iron(III) complex of trans- from nickel(Il) carbonate the disodium salt of nickel- 

l.2<yclohexenediamine-N,N,N\N'-tetraacetic acid, 5 (II) complex of trans-l,2-cycIohexenediaminetetraa- 
C2iH 3 6FeNjOu cetic acid, CuHisNi^Og^Na. 

N-methy!eglucamine salt of iron(III) complex of With N-methylglucamine instead of sodium hydrox- 
ethylenediamine-N f N ( N' ( N'-tetraacetic acid, *de solution, the following are obtained: 

CnHjoFeNaOn di-N-melhylglucamine salt of manganese(II) complex 

tri-N-methylglucamine salt of iron(III) complex of 10 of trans- 1,2-cycIohexenediaminetetraacetic acid 
triethylenetriamine-N,N,N' ( N",N'"-hexaacetic acid, C28H 5 4MnN 4 0|8; 

C39H78FcNt027. di-N-methylglucamine salt of manganese(II) complex 

With the use of diethanolamine instead of N-methyl- of dl-2,3-butylenediaminetetraacetic acid, 

glucamine, didiethanolamine salt of iron(III) complex ^I^MnN^ig; 

of diethyIenetriamine-N,N,N'\N'\N''-pentaacetic acid, 15 di -N-methylgIucamine salt of manganese(II) complex 
C22H42FeN 5 Oi4 is obtained. of ethylenediamine-N.N.N'.N'-tetraacetic acid 

C24H 48 MhN40i 8 ; 

EXAMPLE 8 di-N-methylglucamine salt of manganese(II) complex 

Production of the N-methylglucamine salt of 20 of dl " 1 - 2 - bul y lene diamine-N,N,N',N'-tetraacetic acid, 
gado!inium(IN) complex of C26H52M11N4O18; 
trans-l,2-cyclohexenediamine-N,N f N',N'-tetraacetic <"-N-methylg1ucamine salt of manganese(II) complex 

acid, C2iHj6GdN 3 Oi3 of d, * 1 ' 2 - diamin oP r opane-N,N,N',N'-tetraacetic acid, 

m C 2 5H 5 oMnN40u; 
mktkt'vv ™ol«) of trans-U-cyclohexenedia- tri-N-methylglucamine salt of raanganese(II) com- 
nune-N.N.N.N-tetraacetac acid are suspended in 150 25 plex of diethylenetriaminepentaacetic acid 
ml of water. After addition of 11.7 g (= 60 mmoles) of C35H 7 2MnN 6 025; 
N-methylglucamine, a nearly clear solution is obtained, with nickel(II) carbonate, NiCC>3 

to which 10.88 g (=30 mmoles) of gadolinium oxide di-N-rnethlglucamine salt of nickel(II) complex of 
(Gd 2 03) are added. The newly resulting suspension is ethylenediamine-N t N,N\N'-tetraacetic acid 
heated for 6 hours to 95* C It is filtered off from the 30 C 2 4H48NiN 4 Oi8; 

small amount of undissolved material and the filtrate w »th cobalt(II) carbonate, C0CO3 and ethanolamine 

concentrated to dryness. The residue is dried in vacuo diethanolamine salt of cobalt(II) complex of 

at 60* C. and pulverized. 38.6 g (92% of theory) of a cthylenediamine-N,N,N',N'-tetraacetic acid, 
whitepowder with a melting point of 258*-26I* C. are Ci4H 2 8CoN 4 Oio; 

obtained. - .. 35 with copper(II) carbonate, CuC0 3 , and ethanolamine 

Analysis: (Calculated) C -36.25; H 5.22; N 6.04; Gd diethanolamine salt of copper(II) complex of 

22.60; (Found) C 36.40; H5.50; N 5.98; Gd 22.52. ' ethylenediamine-N,N,N\N'-tetraacetic acid, 

In a similar way, the sodium salt of gadoIinium(III) c uH28CuN 4 Oio; 

complex of traji?-l,2-cyclohexenedi3mine-N,N,N' t N'- ^ with man g a nese(TT) carbonate, MnCOj, and diethan- 

tctraacetic acid. CuH^GdNjOg-Na is obtained with olamir »e 

sodium hydroxide solution instead of N-methylgluca- ^ tndiethanolariir: salt of manganese(II) complex of 
mine. diethylcneiriaminc-; AN\N' f N",N"-pentaacetic acid. 

The sodium salt of chromium(IH) complex of C 26H54MnN 6 Oi6; 
ethylenediamine-N,N,N',N'-tetraacetic acid, 45 r manganesefll) carbonate, MnC0 3 , and morpho- 

CioH|2CrN 2 08.Na is obtained with freshly precipitated '"j- , .. 

chromiumail) hydroxide, CKOH)i dimorpholine salt of manganese(II) complex of 

j ucu\un W . cthyIenediamine-N p N,N",N"-tetraacetic acid, 

EXAMPLE 9 Ci 8 H32MnN 4 Oio. 
Production of the dosodium salt of manganese(II) 50 EXAMPLE 10 

complex of trans-l,2Hcyclohexylenediamine-N,N,N',N'- M m -,h«ioi.. Mm ; M **u ~r a r ■ /tttn 

tetraacetic acid. C 14 H I8 MnN 2 0 8 ^Na N-methylglucamine salt of gado >mum(IH complex of 

id * / inn ethylenediamine-N.N.N ,N -tetraacet c acid. 

34.6 g (= 100 mmoles) of trans- 1,2-cyclohexenedia- C.,H™nHN,n.* 

mine-N.N.N'.N'-tetraacetic acid are suspended under M7H30GdN 3 O 13 
nitrogen in 100 ml of water and mixed with 11.5 g 55 29 - 2 8 /~ ! 9° moIcs ) of ethylenediamine-N,N,N',N'- 

(=100 mmoles) of mang3ne<j:(T!)c2rbon^te. MnCO-. It tetraacetic acid are suspended in 100 ml of water and 

is heated to 95' C. and 200 ml of IN sodium hydroxide KcaEcJ to C. with 18.1 g ( = 50 mmolci) of gadolini- 

solution are added drop by drop. The clear solution is um (l") oxjde. During heating up, 19.5 g (=100 

concentrated in vacuo and the residue dried in vacuo at Tr . ° f N-mcthylglucamine arc added by portions. 

60- C 40.8 g (92% of theory) of a pink powder are 60 ^ a *? Ut * hom > a clcar 501111100 » obtaincd - which 
obtained c is filtered and concentrated in vacuo to dryness. The 

Analysis: (Calculated) C 37.94; H 4.09- N 6 32; Mn £ dried VaCU °" W C 6L3 g (95% of theory) 

12.40; (Found) C 37.78; H 4.12- N 6 20; Mn 12 31 of a^ white^poNvder with an uncharacteristic melting 

c«.c acid, C^H.gOiNzOsJNa; with dysprosium(HI) oxide. D y2 0 3 





m 
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acid, 

complex of 
acid, 



N-methylglucamine salt of dysprosium(UI) complex 
of ethylenediamine-N,N,N',N'-tecraacetic, 
Ci7H 3 oDyN 3 Oi3; 

N-methylglucamine salt of gadolinium(III) complex 
of l,10-diaza-4,7-dioxadecane-l,l,10,10-tetraacetic acid, 
C2iH J8 GdN 3 Oi5; 

N-methylglucamine salt of gadolinium(III) complex 
of 1,2-diphenyIethylenediaminetetraacetic acid, 
G29H3 8 N30i 3 Gd; 

with lead(II) oxide, PbO, and sodium hydrochloride 

disodium salt of lead(II) complex of ethylenediamine- 
tetraacetic acid, CioHi2N20sPb.2Na; 

with freshly precipitated chromium(III) hydroxide, 
Cr(OH) 3 .Na 

sodium salt of chromium(III) complex of ethylenedi- 
aminetetraacetic acid, CioHuCr^Os; and analogously 

sodium salt of gadolinium(III) complex of 
ethylenediaminetetraacethydroxamic 
Ci 0 H !6 GdN6O8.Na; 

sodium salt of gadolinium(III) 
ethylenediamine-N,N,N',N'-tetraacetic 
Ci 0 Hi2GdN 2 O8-Na. 

EXAMPLE 11 

Production of the sodium salt of gadolinium(III) 
complex of 

l,4 f 7,10-tetraazacycIodbdecane-N,N' l N",N'"-tetraa- 
cetic acid, Ci6H24GdN 4 08.Na 

4.0 g (=10 mmoles) of 1,4,7, 1 O-tetraazacycIododec- 
ane-N,N',N",N'"-tetraacetic acid are suspended in 20 
ml of water and mixed with 10 ml of IN sodium hydrox- 
ide solution. 1.8 g (=5 mmoles) of gadoliniura(III) ox- 
ide, Gd 2 0 3 , are added and the suspension is heated for 
2 hours to 50* C. The clear solution is filtered and con- 
centrated in vacuo. The residue is dried and pulverized. 
5.5 g (95% of theory) of a white powder are obtained. 

Analysis: (Calculated) C 33.10; H 4.17; N 9.65; Gd 
27.0S; (Found) C 33.01; H 4.20, N 9.57; Gd 27.16. 

In a similar way, there are obtained: 

N-methylglucamine salt of gadolinium(lll) complex 
of 1 ,4,7,1 0-tetraaxacyclododecaLne-N,N' t N",N"'-tetraa- 
cetic acid, C 23 H42GdNsOi 3 

sodium salt of gadolinium(III) complex of 1,4,8,11- 
tetraazacyclotetradecane-N,N',N\N 
Ci 8 H2 8 GdN 4 08.Na. 



10 



15 



20 



25 



30 



Analysis: (Calculated) C 29.78; H 6.25; N 6.13; P 9.04; 
Gd 11. 47; (Found) C 29.85; H 6.57; N 5.98; P 8.78; Gd 
11.26. 

In a similar way, there are obtained: 

hepta-N-methylglucamine salt of gadotinium(lII) 
complex of diethylenetriamine-N ( N,N\N'',N"-penta(- 
methanephosphonic acid), CssHmGdNioOsoPs 

and with the use of sodium hydroxide solution instead 
of N-methylglucamine 

disodium salt of gadolinium(III) complex of die- 
thylenetrinitrilopenta(methanephosphonic acid), 
C 9 H 23 GdN 3 Oi 5 P5.2Na 

EXAMPLE 13 

Production of the disodium salt of manganese(II) 
complex of ethylenedinitrilotetra(acethydroxamic 
acid), CioHi6MnN60 8 .2Na 

2.30 g of manganese(II) carbonate and 7.05 g of 
ethylenedinitrilotetra(acethydroxamic acid) are re- 
fluxed in 18 ml of water for 3 hours. Then the pH is 
adjusted to 7 by addition of dilute sodium hydroxide 
solution and 40 ml of acetone are added drop by drop. 
After several hours of stirring in an ice bath, the precipi- 
tated crystallizate is suctioned off, washed with acetone 
and dried at 50* C. in vacuo. A dihydrate is obtained in 
quantitative amount as a white powder with a melting 
point above 300' C 

Mn: (Calculated) 11.30; (Found) 11.12. 



35 



40 



EXAMPLE 12 

Production of the tetra-N-methylglucamine salt of 

gadolinium(III) complex of 
ethylenedinitrilo-tetrakis(methanephosphonic acid), 
C 3 4H 85 GdN60 32 P4 

9.1 1 g (=20 mmoles) of ethyIenedinitrilo-tetrakis(me- 
thanephosphonic acid) are suspended in 150 ml of water 
and adjusted to a pH of 5 wiih a suitable amount of 
N-methylglucamine. 3.6 g (=10 mmoles) of gadolini- 
um(III) oxide, Gd20 3 , are added and heated to 70* C. 
After about 1 hour a clear solution is obtained, which is 
mixed with the remaining portion of N-mcthylgluca- ^ 
mine. Altogether, 15.6 g (=80 mmoles) of N-methyl- 
glucamine are used. The solution is concentrated in 
vacuo to dryness and the remaining gelatinous residue is 



EXAMPLE 14 

Production of a mixed salt solution of sodium and 
N-methylglucamine salt of gadolinium(lII) complex of 
diethylenetriaminepentaacetic acid 

(a) Production of the mono-N-methylglucamine salt of 
the complex, C2tH 3 7GdN40i5 

195.2 g (1 mole) of N-methylglucamine are dissolved 
in 7 liters of water. Then 393.3 g (1 mole) of diethylene- 
triaminepentaacetic acid and 181.3 g (0.5 mole) of gado- 
linium oxide, Gd20 3 , are added and refluxed for 2 
hours. The filtered clear solution is spray dried. A white 
crystalline powder with a water content of 2.6%, which 

-teTruiceticT add' 4 5 sinters al 13r c and melts foan^S at l90% c * is 
obtained. 

Gd: (Calculated) 21.17; (Found) 21.34. 
(b) Production of the neutral mixed salt solution 

730.8 g (— 1 mole) of the salt obtained under (a) are 
suspended in 630 ml of water p.i. (pro injectione, i.e., 
sterile) and 40 g ( = 1 mole) of sodium hydroxide pow- 
der are added in portions. Water p.i. is added to the 
neutral solution to make 1000 ml, it is put into bottles 
through a pyrogen filter and sterilized by beat. This one 
molar solution contains 753.8 g of mixed salt per liter. 

EXAMPLE 15 

Production of a solution of the di-N-methylglucamine 
salt of gadoliniuxmTII) complex of 
diethylenetriaminepentaacetic acid 

535.0 g (=730 mmoles) of the salt described in exam- 
ple 5 are made into a paste in 500 ml of water p.L and 



50 



55 



added to 200 ml of acetonitrile. It is stirred at 30* O for 

about 20 hours and the resulting fine precipitate is sue- 65 brought to solution by addition of 142.4 g (=730 

tioned off. After drying in vacuo at 40* C, 23.4 g (85% mmoles) of N-memylglucamine at pH 7.2. Then water 

of theory) of a white power with a melting point of p.i. is added to make 1000 ml, the solution is put into 

1 15*— 1 18* C. are obtained. ampoules and sterilized by heating. 
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EXAMPLE 16 }°° m! of waler P '* wiln heating. The solution is put 

into ampoules and sterilized by heating. 

Production of a solution of the disodium salt of 
gadolinium(III) complex of diethylenetriaminepenta- EXAMPLE 23 

acetic acid 5 Production of a solution of the N-methvlglucamine salt 

485.1 g (=820 mmoles) of the disooium salt obtained of gadolinium(III) complex of 

in example 6 are made into a paste in 500 ml of water p.i. ethylenediaminctetraacetic acid. 
Then water p.i. is added to make 1000 ml, the solution 

is put into ampoules and sterilized by heating. 38 52 8 ( =6 ° mmoles) of the substance described in 

1Q example 10 are dissolved in 70 ml of water p.i. After 

EXAMPLE 17 addition of 0. 1 2 g of water p.i. is added to make 100 ml. 

Production of a solution of the disodium salt of f he s 01 " 1 ' 0 " " put into ampoules and sterilized by heat- 

gadoIinium(III) complex of 13,23-dioxo-15,18,21-tris(- in S- 

carboxy methyl)- 12,15,18,2 1 ,24-pentazapentatriacon- EXAM PLE 24 
tanedioic acid 15 

392.0 g (=400 mmoles) of the salt described in exam- Production of a solution of the di-N-methylglucamine 

pie 2 are made into a paste in 500 ml of water p.i. and ^ of dysprosium(III) complex of 

dissolved by adding water p.i. to make 1000 ml with diethylenetriaminepentaacetic acid 

gentle heating. The solution is put into bottles and steril- 3 5.7 g (=60 mmoles) of the dysprosium(IH) complex 

lzed Dy heating. 20 of diethylenetriaminepentaacetic acid (8.0% water con- 

EXAMPLE 1 8 tent ) are suspended in 70 ml of water p.i. and brought to 

o j r i , L VT , . , solution by addition of 21.2 g (=120 mmoles) of N- 

Production of a solution of the N-methylg ucamine salt methylglucamaine at a pH of 7.5. Then water p.i is 

i 4 7 in ? , g mU ,S } COmp,CX ° f • added to makc "*> ml, the solution is put into ampoules 

1,4,7,10-tetraazacyclododecanetetraacetic acid 25 ^ stcriHzcd by heating p *° 

370.9 g (=500 mmoles) of the salt mentioned in exam- 
pie 1 1 is made into a paste in 500 ml of water p.i. and EXAMPLE 25 

dissolved by adding water p.i. to make 1000 ml. The Production of a solution of the N-methylgl ucamine salt 
solution is put into ampoules and sterilized by heating. of gadoIinium(III) complex of 

EXAMPLE 19 30 trans- 1,2-cycIohexenediaminetetraacetic acid 

Production of a solution of the di-N-methylgluca- R f m0,e \ of the ? U d ^ ri ** in " x a A m f plC 

mine salt of manganese(II) complex of trarl-1,2- '"f* «J lved * W ater Parnate 1000 ml. After 

cyclohexenediaminetetraacetic acid filtration through a pyrogen filter, the solution is put 

395.9 g (=500 mmoles) of the salt mentioned in exam- 35 mto ^P 0 " 1 ^ ™ d sterilized by heating, 

pie 9 are suspended in 500 ml of water p.i. It is mixed EXAMPLE 26 

with 1.3 g of ascorbic acid and brought to solution by n . - , . , , ^, 

adding water p.i. to make 1000 ml. The solution is steril- Produclron of f a soIutl0n of thc N-mcthylglucaminc salt 

ized by filtration and put into ampoules. , of ruthemum(IH) complex of 

^ l.lO-diaza^J-dnhiadecane-lJ.lOJO-tetraacetic acid 

EXAMFLE 20 15 6 g (==0 03 moIe) ofthe rul henium(HI) complex of 

Production of a solution ofthe tri-N-methylglucamine l,10-diaza-4 t 7-dithiadecane-l,l,I0,10-tetraacetic acid 

salt of mangajiese(ll) complex of are suspended in 50 ml of water p.i. and brought to 

diethylenetriaminepentaacetic acid solution at pH 7.5 by addition of 5.9 g ( = 0.03 moles) of 

514.4g(=500mmoles)ofthesaltmentionedinexam- 45 N-methylglucamine. Water p.i. is added to make 1000 

pie 9 are suspended in 600 ml of water p.i. It is mixed mI » * hc s° Iutl °n * put into ampoules and sterilized by 

with 1.3 g of ascorbic acid and dissolved by adding heating. 

water p.i. to make 1000 ml. The solution is sterilized by EXAMPLE 27 
filtering and put into ampoules. 

50 Production of a solution of the dilysine salt of 

EXAMPLE 21 gadoIinium(III) complex of 

Production of a solution of the di-N-methylglucamine diethylenetriaminepentaacetic acid 

salt of iron(III) complex of 273.8 g ( = 0.5 mole) of the gadolinium(IH) complex 

diethylenetnaminepentaacetic acid ^ c f diethylenetriaminepentaacetic acid are suspended in 

44.6 g ( = 0.1 mole) of the iron(III) complex of dieth- 500 ml of water p.i. 2?:.4 g (=1 m cie) of lysine are 

ylcnetriaminepentaacetic acid obtained in example 7 are added, left to stir for several hours with gentle heating 

suspended in 40 ml of water p.i. After addition of 0.18 g and then water p.i. is added to make 1000 ml. The solu- 

of tromethamine hydrochloride and 39.1 g (=0.2 tion is put in bottles and sterilized by heating, 

moles) of N-methylglucamaine it is dissolved to neutral- ^ _ 

ity, water p.i. is added to the solution to bring it to 100 cJCAMPLE 28 

ml. it is put into ampoules and sterilized by heating. Production of a solution of the tri-N-methyglucamine 

EXAMPLE 22 salt of molybdenum (VI) complex of 

diethyelenetriaminepentaacetic acid 
Production of a solution of the gadolinium(1 1 1) complex A< iao „ /_ nio i \ r *t. , « rw 

ofnitrilotriaccticacid i t n ' ^^'S 

V<->ti)4.Ci4H2jN3Oi20] are suspended in 50 ml of water 

1.9 g (=10 mmoles) of nitrilotriacetic acid and 1.8 g p.i. and dissolved to neutrality by addition of 16.4 g 

(=5 mmoles) of gadolinium(III) oxide are dissolved in (=0.84 mole) of N-methylgl ucamine. 0.15 g of tromc- 
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thamine is added, water p.i. is added to make 100 ml, the 
solution is subjected to sterilization by filtering and put 
into ampoules. 

EXAMPLE 29 5 

Production of a solution of the disodium salt of 
manganese(II) complex of ethylenediaminetetraacetic 
acid 

343.2 g (= 1 mole) of the manganesc(ll) complex of 10 
ethylenediaminetetraacetic acid are suspended in 500 ml 
of water p.i. and dissolved to neutrality by addition by 
portions of 80 g (=2 moles) of sodium hydroxide. After 
addition of 1.5 g of tromethamine, water p.i. is added to 
the solution to make 1000 ml, it is put into bottles and 15 
sterilized by heating. 

EXAMPLE 30 

Production of a solution of the sodium salt of iron(III) 2Q 
complex of ethylenediaminetetraacetic acid 

345.7 g (=1 mole) of the iron(III) complex of ethyl- 
enediaminetetraacetic acid are suspended in 500 ml of 
water p.i. and dissolved to neutrality by addition by 
portions of 40 g ( = 1 mole) of sodium hydroxide. After 25 
addition of 1.5 g of tromethamine, water p.i. is added to 
the solution to make 1000 ml, it is put in bottles and 
sterilized by heating. 

EXAMPLE 31 30 

Production of a solution of the disodium salt of iron(III) 
complex of diethylenetriaminepentaacetic acid 

334.6 g (=0.75 mole) of the iron(III) complex of 
diethylenetriaminepentaacetic acid are suspended in 500 35 
ml of water p.i. and dissolved to neutrality by addition 
by portions of 60 g (= 1.5 moles) of sodium hydroxide. 
Water p.i. is added to the solution to make 1000 ml, it is 
put into bottles and sterilized by heating. ^ 

EXAMPLE 32 

Production of a solution of the sodium salt of 

gadolinium(III) complex of 
trans- 1,2-cyclohexenediaminetetraacetic acid 4 < 

558.6 (=1 mole) of the salt mentioned in example 8 
are dissolved in water p.i. to 1000 ml. The solution is put 
into bottles and sterilized by heating. 

EXAMPLE 33 50 

Production of a solution of the N-methylglucamaine 
salt of gadolinium(III) complex of 
1 ,2-diphenylethy lenediaminetetraacetic acid 

396.9 g (=500 mmolcs) of the salt described in exam- 55 
pie 10 are made into a paste in 600 ml of water p.i. and 
dissolved by addition of water to make 1000 ml. The 
solution is put into ampoules and sterilized by beating. 

EXAMPLE 34 60 

Production of a solution of the sodium salt of iron(III) 
complex of ethylenediaminetetraacetic acid 

183.5 g (= 500 mmoles) of the salt mentioned in exam- 
ple 7 are made into a paste in 500 ml of water p.i. 1.0 g 65 
of tromethamine is added, water p.i. is added to make 
1000 ml, the solution is put into ampoules and sterilized 
by beating. 
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EXAMPLE 35 

Production of a solution of the di-N-methylglucamine 
salt of lanthanum(III) complex of 
diethylenetriaminepentaacetic acid 

459.8 g (=500 mmoles) of the salt mentioned in exam- 
ple 5 are made into a paste in 650 ml of water p.i. and 
brought to solution by addition of water p.i. to make 
1000 ml. The solution is put into ampoules and sterilized 
by heating. 

EXAMPLE 36 

Production of a solution of the di-N-methylglucamine 
salt of bismuth(III) complex of 
diethylenetriaminepentaacetic acid 

692.8 g (=700 mmoles) of the salt mentioned in exam- 
ple 5 are made into a paste in 600 ml of water p.i. and 
after addition of 1-8 g of tromethamine dissolved by 
addition of water p.i. to make 1000 ml with gentle heat- 
ing. The solution is put into ampoules and sterilized by 
heating. 

EXAMPLE 37 

Production of a solution of the di-N-methylglucamine 
salt of holmium(III) complex of 
diethylenetriaminepentaacetic acid 

662.0 g (=700 mmoles) of the salt mentioned in exam- 
ple 5 are made into a paste in 600 ml of water p.i. and 
after addition of 1.8 g of tromethamine, are dissolved by 
addition of water p.i. to make 1000 ml with gentle heat- 
ing. The solution is put into ampoules and sterilized by 
heating. 

EXAMPLE 38 

Production of a solution of the di-N-methylglucamine 
sal; of ytierbiuwi(IH) complex of 
diethylenetriaminepentaacetic acid 

476.9 g (=500 mmoles) of the salt mentioned in exam- 
ple 5 are made into a paste in 650 ml of water p.i. and 
after addition of 1.5 g of tromethamine dissolved by 
addition of water p.i. to make 1000 ml. The solution is 
put into ampoules and sterilized by heating. 

EXAMPLE 39 

Production of a solution of the disodium salt of 
lanthanum(III) complex of 
diethylenetriaminepentaacetic acid 

573.2 g (=1000 mmoles) of the salt mentioned in 
example 6 are made into a paste in 650 ml of water p.i. 
and dissolved by addition of water p.i. to make 1000 ml. 
The solution is put into ampoules and sterilized by heat- 
ing. 

EXAMPLE 40 
Production of a solution of the disodium salt of 
dysprosium(IH) complex of 
diethylenetriaminepentaacetic acid. ' 

477.4 g (=800 mmoles) of the salt mentioned in exam- 
ple 6 are made into a paste in 600 ml of water p.i. and 
dissolved by addition of water p.i. to make 1000 ml. The 
solution is put into ampoules and sterilized by heating. 
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and 4.0 g (=50 mmoles) of sodium hydroxide, it is rc- 

EX AMPLE 41 fluxed to a clear solution. The solution, cooled to room 

Production of a solution of the disodium salt of temperature, is neutralized by addition of 4.0 g of so- 

hoImium(III) complex of diethylenetriaminepentaacetic dium hydroxide and water p.i. is added to make 100 ml. 

acid 5 The solution is put into ampoules and sterilized by heat- 

299.6 g (=500 mmoles) of the salt mentioned in exam- «ng- 

pie 6 are made into a paste in 500 ml of water p.i. and EXAMPLE 48 
dissolved by addition of water p.i. to make 1000 ml. The 

solution is put into ampoules and sterilized by heating. Production of a solution of the disodium salt of 

10 samarium(III) complex of 

EXAMPLE 42 diethylenetriaminepentaacetic acid 

Production of a solution of the disodium salt of 58 5 g (= l0Q mmoles) of the saIt mentioned in exam- 

ytterbiurn(III) complex of , e 6 arc disso i ved in 65 m i of water p .i. with heating, 

diethylenetnammepentaacetic add. ^ Wa{er p . [% adde(J tQ makc fl ^ vo , ume of 1Q0 ml u 

303.5 g ( = 500 mmoles) of the salt mentioned in exam- is put into ampoules and sterilized by heating, 
pie 6 are made into a paste in 500 ml of water p.i. and 

dissolved by addition of water p.i. to make 1000 ml. The EXAMPLE 49 

solution is put into ampoules and sterilized by heating. Production of a solution of the di-N-methylglucamine 
pyampt P A'K 20 ^ °f gadoIinium(III) complex of 

tAAMrLt 13,23-dioxo-15,18,2i-tris(carboxymethyI> 
Production of a solution of the 12,15,18,2L24-pentaazatriacontanedioic acid 

tetra-N-methylglucamine salt of gadolinium(III) * 

complex of 130 4 S (= 100 mmoles) of the salt mentioned in exam- 

ethylenedinitrilo-tetrakis(methanephosphonic acid) „ 2 are made into a paste in 250 ml of water p.i. and 

. , * M * v ^ i_ , . . • 25 dissolved with heating. Water p.i. is added to make 500 

137 1 g (= 100 mmoles) of the salt mentioned in exam- mJ thc {$ jnt0 ^ stcri lized by 

pie 12 are made into a paste in 500 ml of water p.i. and . . . 
after addition of 0.8 g of tromethamine are dissolved by mg ' 

addition of water p.i. to make 1000 ml. The solution is EXAMPLE 50 

put into ampoules and sterilized by heating. 30 Production of a soIulion of the d i. N . me thylgluca- 

EXAMPLE 44 mine salt of manganese(II) complex of ethylenediamine- 

Production of a solution of gadolinium(IH) complex of tctraacctic acid 

NH2-hydroxyethyi)ethylenediarnine-N l N,N'-triacetic 3.68 g (=5 mmoles) of the substance described in 

^ 3 acid example 9 are dissolved in 70 ml of water p.i. and the 

35 solution is mixed with 0.4 g of sodium chloride. Then 

1.9 g ( = 6.7 mmoles) of N'-(2-hydroxyethyl)e- water p.i. is added to make 100 ml and the solution is put 

thylenedianune-N,N,N'-triacetic acid and 1.2 g (=3.35 l jnto ^^1^ through a sterilizing filter. The solution is 

moles) of gadoIinium(III) oxide are dissolved in 6 ml of Clonic with thc b ioo d with 280 mOsm. 
water p.i. with heating. The solution is put into am- 
poules and sterilized by heating. 40 EXAMPLE 51 

EXAMPLE 45 Production of a solution of thc disodium salt of 

_ , , , . _ t . gadolir.ium(IU) complex of 

Production of a solution of the d.sod.um salt of diethylenetrinitriIopcnta(methanepho S photuc acid) 

manganese{ll) complex of 

trans- 1,2-cyclohexenediaminetetraacetic acid 45 38.57 g (=50 mmoles) of the substance described in 

, ,„ . v . * . _ example 12 are made into a paste in 50 ml of water p.i. 

44.3 g (= 100 mmoles) of the salt ment.oned .n exam- ^ * ^ ^ of h drox . 

pic 9 are made into , l paste : under mtrogen cover m 60 £ ^ > ^ ^ m m , ^ 

ml of water p.i. and brought to solution by addition ot *™ . • r . 

„ . . . y . . . . J , # • t _ solution is put into ampoules and sterilized by heating. 

water p.i. to make 100 ml. The solution is put into am- «q jo 

poules and sterilized by heating. EXAMPLE 52 

EXAMPLE 46 Production of a solution of the trisodium salt of 

Production of a solution of the sodium salt of manganese(ll) complex of 

gadolinium(III) complex of diethylenetnammepentaacetic acid. 
1,4,8,1 l-tetraazacycIotetradecane-N,N',N",N'"-tetraa- 39.3 g (=100 mmoles) of diethylenetriaminepenta- 
cetic acid acetic acid are suspended in 100 ml of water p.i. under 
552.6 g (= 1 mole) of the salt mentioned in example 1 1 nitrogen and mixed with 1 1.5 g of manganesc<II) car- 
arc dissolved in water p.i. to make 1000 ml. The solution bonate. It is heated to 95 C and 300 ml of IN sodium 
is put into bottles and sterilized by heating. w hydroxide solution are added drop by drop. The neutral 



solution is sterilized by filtering and put into ampoules. 
EXAMPLE 53 



* EXAMPLE 47 

Production of a solution of the disodium salt of 

bismuth(III) complex of diethylenetriaminepentaacetic Composition of a powder for protection of a suspension 
acid. 65 

23.4 g (=50 mmoles) of bismuth(IID oxide are sus- 

pended in 50 ml of water p.i. After addition of 39.3 g 4.000 g t»doUnium(Ut) complex of dicthy leDetriaminc- 

(«= 100 mmoles) of diethylenetriaminepentaacetic acid penuacctic »cid (water content 8.0%) 
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-continued EXAMPLE 57 

"oo g ^yoxjxThyicncpoiyo.ypropyicnc polymer Production of a colloidal dispersion of an 

0.003 k aromatic* Mn-CDTA-lipid conjugate 

8000 8 5 0.1 mmole of distearoylphosphatidylethanolamine 

and 0.1 mmole of bisanhydride of trans-l,2-diaminocy- 
clohexanetetraacetic acid are stirred in 50 ml of water 
EXAMPLE 54 for 2 4 hours at room temperature. 0.1 mmole of man- 

Production of a solution of a gadolinium(III) complex I0 ganese(II) carbonate is added and restirred for 6 hours 
of the conjugate of diethylenetriaminepentaacetic acid at room temperature. After purification with a Sepha- 
with human serum albumin dex G50 column, the solution sterilized by filtering is 

lOmgof l,5-bis(2,6-dioxomorpholino).3-azap C ntan C . put into Muitivials and fr^ried. 
3-acctic acid are added to 20 ml of a solution of 3 mg of A . collo,da, dls P ers '° n ° f the gadoI.niurn-DTPA-l.p.d 
protein in 0.05 molar sodium bicarbonate buffer (pH 15 conjugate can be obtained in a similar way with 
7-8). It is allowed to stir for 30 minutes at room temper- gadohmum(HI) ox.de. 
ature and then dialyzed against a 0.3 molar sodium EXAMPLE 58 

phosphate buffer. Then 50 mg of gadoliumfll I) acetate _ . ,.. 

are added and purified by gel chromotography in a Production of hr^somes loaded with 

Sephadex G25 column. The resulting fraction is steril- 20 gadohruum-DTPA 
ized by filtering and put into Multivials. A storable dry By following the method described in Proc. Natl, 
product is obtained by freeze-drying. Acad. Sci. U.S.A. 7574194, a lipid mixture is produced 

The solution of the corresponding complex conjugate from 75 mole % of egg phosphatidylcholine and 25 
is obtained in a similar way with immunoglobulin. mole % of cholesterol as a dry substance. 500 mg of it 

FYAMPT F <c 25 8X6 dissolved in 30 ml of diethylether and mixed drop by 

drop in an ultrasonic bath with 3 ml of a 0.1 molar 
Production of a solution of the gadolium(III) complex solution of the di-N-methyglucamine salt of gadolini- 
of the conjugate of diethylenetriaminepentaacetic acid um(III) complex of diethylenetriaminepentaacetic acid 
(DTP A) with monoclonal antibodies in water p.i. After completre addition of the solution, 

1 mg of a mixed DTPA-anhydride (obtained, for 30 the treatment with ultrasonic waves is continued for 10 
example, from DTPA and isobutyl chloroformate) is more minutes and then concentrated in the Rotavapor. 
added to 20 pi of a solution of 0.3 mg of monoclonal The gelatinous residue is suspended in 0.125 molar so- 
antibodies in 0.05 molar sodium bicarbonate buffer (pH dmm chloride solution is freed of the unencapsulated 
7-8) and stirred for 30 minutes at room temperature. It „ contrast medium portions by repeated centrifuging 
is dialyzed against 0.3 molar sodium phosphate buffer ( 2000 ° & 20 minutes) at 0 # C. Finally, the resulting 
and the resulting antibody fraction is mixed with 2 mg liposomes are freeze-dried in the Multivial. Application 
of the gadolinium(lH) complex of ethylenediaminetet- is *? a colloidal dispersion in 0.9 percent by weight of 
raacetic acid (EDTA). After purification by gel chro- sodium chloride solution. 

matography with Sephadex G25, the solution sTerilized The preceding examples can be repeated with similar 

by filtering is put in Multivials and free ze-d rite. " success by subsii;-Jtir r. the generically or specifically 

A solution of the corresponding gadolinium(III) described reactants and/or operating conditions of this 
complex of CDTA-antibodies is obtained in a similar invention for those used in the preceding examples, 
way by using the mixed anhydride of trans-l t 2- From the foregoing description, one skilled in the art 
diaminocyclohexanetetraacetic acid (CDTA). 45 can easily ascertain the essential characteristics of this 

The manganese(II) complex of the antibodies cou- invention, and without departing from the spirit and 
pled with DTPA or CDTA is obtained in a similar way scope thereof, can make various changes and modifica- 
by using the manganese(II) complex of ethylenedi- tions of the invention to adapt it to various usages and 
aminetetraacetic acid. conditions. 

What is claimed is: 

1. A method of performing an NMR diagnostic pro- 
Production of a solution of the gadolinium(III) complex cedure in a patient in need of the same comprising ad- 
of the conjugate of 1-phenylethylenediaminetetraacetic ministering to the patient an effective amount of an 
acid with immunoglobulin NMR diagnostic medium and then exposing the patient 

By following the method described in J. Med. Chem. 55 i0 ™ NMR m <^ment step to which the diagnostic 
1974, Vol. 17. p 1307, a 2% solution of protein in a 0.12 mcdlum "responsive thereby imaging at least a portion 
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molar sodium bicarbonate solution, which contains 0.0 1 



of the patients tody, v. J.crein the d:z~r:0:.\:^. n.vdium 



mole of ethylenediaminetetraacetic acid is cooled to ^mpnses a jjhy^^^j^^^ of (a) an 

+ 4- C. and mixed drop by drop with the protein eouiv- anior l of • ""Pi*™* ac,d ™? 0» a f! caS !f ) | nc 
alenc portion of a freshly produced ice^old diazonium 60 ™ of "} clc e mcn u l Wlt ^ ™ > atomic number of 21 to 29, 42, 
salt solution of i<p-ammophenyl)cthyIenediaminetet- " °f 57 l ° * 3 chc T latcd therewith, wherein the salt is of 
raacetic acid. It is allowed to stir overnight at +4* C. tnc formuIa 1 or 11 
(pH 8.1) and then dialyzed against a 0.1 molar sodium 

citrate solution. After completion of the dialysis, the X— CH 2 CHj— X . G> 

solution of the conjugate is mixed with an excess of 65 ^ N _ A _»/ 

gadolinium(Iir) chloride and ultraiiltered to remove / \ 

ions. Then the solution sterilized by filtering is put into V— CHR| CHRj— v 

Multivials and freeze-dried. 
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26 



N(CH 2 X)j. 



wherein 

X is — COOY, — PO3HY or — CONHOY; 

Y is a hydrogen atom, a metal ion equivalent or a 

physiologically biocomp atible ca tio n of an ino r- 

g anic or organic base .Qr_amino acid; 
A is — CHR 2 — CHRj— , — CH 2 — CHi— (ZC 

H 2 -CH 2 ) m - 



N(CHX) 2 CH 2 — CH 2 — N(CH 2 X) 2 

— CH 2 — CH— CH 2 — or — CH> — CH 2 — N — CH> — CH 2 — 

each Ri is a hydrogen atom or methyl; 

R 2 and R3 together represent a trimethylene group or 
a tetramethylene group or individually are hydro- 
gen, Ci-g-alkyl, phenyl or benzyl, 

W is — NN — , -NHCOCH 2 — or — NHCS — ; 

m is the number 1, 2 or 3 

2 is an oxygen atom, a sulfur atom, >NCH-»X, or 

>NCH 2 CH 2 OR4 
R4is Ci.8-alkyl 
V is one of the X 

— CONH(CH 2 )„X, 
n is a number from 1 to 12; 

if R|, R 2 and R3 are hydrogen atoms, both V's to- 
gether are the group 



groups or is — CH 2 OH ( or 



ch 2 x ch 2 x 

— (CH2) W — N— CH 2 — CH 2 — N — (CH 2 )*- 



w is a number 1, 2 or 3; 

provided that at least two of the substituents Y are 
metal ion equivalents of an element with an atomic 
number of 21 to 29, 42, 44 or 57 to 83. 
2. A method of claim 1 wherein the concentration of 40 
salt in the medium is 1 /xmole to 1 mole. 
% 3. A method of claim 1 wherein the concentration of 
salt in the medium is 1 /xmole to 5 mmole. 

4. A method of claim 1 wherein the concentration of 
salt in the medium is 250 mmole to 1 mole. 45 

5. A method of claim 1 wherein the salt in the me- 
dium is the monosodium/mono-N-methylglucamine 
mixed salt of the gadolinium(III) complex of diethyl- 
enetriaminepentaacetic acid 



6. 



12. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the ytterbium(III) complex 
of diethylenetriaminepentaacetic acid. 

13. A method of claim 1 wherein the salt in the me- 
dium is the N-methylglucamine salt of the gadolinium- 
(III) complex of 1,4,7, 10- let raazacy clod odecanetetraa- 
cetic acid. 

14. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the manganese(II) complex 

10 of trans- 1,2-cyclohenediaminetetraacetic acid. 

15. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the bismuth(III) complex of 
diethylenetriaminepentaacetic acid. 

16. A method of claim 1 wherein the salt in the me- 
15 dium is the di-N-methyglucamine salt of the gadolini- 

um(III) complex of 1 3,23-dioxo- 15,1 8,21 -tris-(carbox- 
ymethyl)- 1 2, 1 5, 1 8,2 1,24-pentaazapentatriacontanedioic 
acid. 

17. A method of claim 1 wherein the salt in the me- 
dium is the sodium salt of the gadoIinium(III) complex 
of 1,4,7,10-tetraazacyclododecanetetraacetic acid. 

18. A method of claim 1 wherein the salt in the me- 
dium comprises liposomes charged with the gladolini- 
um(III) complex of diethylenetriaminepentaacetic acid. 

19. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the holmium(III) complex 
of diethylenetriaminepentaacetic acid. 

20. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the lanthanum(III) complex 

30 of diethylenetriaminepentaacetic acid. 

21. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the di-N-methylglucamine 
salt of the ytterbium(III) complex of diethylenetri- 
aminepentaacetic acid. 

22. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the sumarium(III) complex 
of diethylenetriaminepentaacetic acid. 

23. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the gadoiinium(III) com- 
plex of 1 3,23-dioxo- 1 5, 1 8,2 1 - t ris-(carboxymethyl> 
12,15,1 8,2 1,24-pentaazapentatriacontanedioic acid. 

24. In a method of imaging body tissue in a patient, 
comprising subjecting the patient to NMR tomography, 
the improvement comprising, prior to performing the 
NMR tomography, administering to the patient an ef- 
fective amount of a pharmaceutical agent for affecting 
the relaxation times of atoms in body tissues undergoing 
NMR diagnosis, whereby image contrast is enhanced, 
said agent comprising an amount, effective to affect 



20 



25 



35 



^Tfei^ °J- clair V 7 h f rein * hc . s* 11 l Jl v x * c roc * 50 such rcIa **tion times, 6f a paramagnetic, physiolo gy 
« t /i.c^...^ ~ r * u j-i:-:— /it^ g^jy^PPj^j.!!... ^ 1 °* a physiologically comp atible 



dium is the disodium salt of the gadolinium(III) com- 
plex of diethylenetriaminepentaacetic acid. 

7. A method of claim 1 wherein the salt in the me- 
dium is the di-N-methylglucamine salt of the iron(III) 
complex of diethylenetriaminepentaacetic acid. 55 

8. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the iron (III) complex of 
diethylenetriaminepentaacetic acid. 

9. A method of claim 1 wherein the salt in the me- 
dium is the disodium salt of the manganese(II) complex 60 
of diethylenetriaminepentaacetic acid. 

10. A method of claim 1 wherein the salt in the me- 
dium is the di-N-methylglucamine salt of the bismuth- 
(III) complex of diethylenetriaminepentaacetic acid. 

11. A method of claim 1 wherein the salt in the me- 65 
dium is the di-N-methylglucamine salt of the man- 
ganese(II) complex of trans- l f 2-cyclohexenediaminetet- 
raacetic acid. 



ichelate complex oi an ion ol a Ianthanide element of 
atomic numbers 57-70, or of a transition metal of atomic 
" umDcr ? 42, or 44; and a pharmaceutically ac- 

ceptable carrier. " 

25. A method of claim 24 wherein the concentration 
of said salt in the agent is 1 u.moIe to I mole. 

26. In a method of imaging body tissue in a patient, 
comprising subjecting the patient to NMR tomography, 
the improvement comprising, prior to performing the 
NMR tomography, administering to the patient an ef- 
fective amount of a pharmaceutical agent for afTecting 
the relaxation times of atoms in body tissues undergoing 
NMR diagnosis whereby image contrast is enhanced, 
said agent comprising an amount effective to Effect such 
relaxation times of a paramagnetic, physiologically 

.compatible salt of a complex of an ion and a ligand; and 
a pharmaceutically acceptable carrier, 
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wherein the complexed ion is an ion or a lanthanide 
element of atomic numbers 57-70, or of a transition 
metal of atomic numbers 21-29, 42, or 44; 

and wherein the ligand is that of a complexing agent 
which 5 

(a) is an aminopolycarboxylic acid which is nitrilotri- 
acetic acid, N-hydroxyethyI-N,N\N'- 
ethylenediaminetriacetic acid, N,N,N',N",N"-die- 
thylenetriaminepentaacetic acid or N-hydroxye- 
thyliminodiacetic acid; 10 

(b) of the formula 



28 



Rf 



N— H 2 C — hH 2 C— N— CH 2 -4— CH 2 — N 

l~ Jp \ 



wherein Rj and Ri' are identical or different and each 
is hydrogen or alkyl of 1-4 carbon atoms and p is 20 
an integer of 0-4; or 

(c) an aminopolycarboxylic acid of the formula 



Rs^ ch 3 ch 2 cooh 25 

/ N-(CH 2 «CH 2 -N-CH 2 -)- fl (CH2t^N 
HOOCCH 2 CH 2 COOH 



30 



wherein 

m is an integer of 1 to 4 t 
n is an integer of 0 to 2, and 

R5 is Q-u-alkyl, C^-n-alkenyl, C«-i2-cycloalkyl, 
C4_i2-cycloalkcnyl, C7-i2-hydrocarbon aralkyl, 
C8_i2-hydrocarbon alkenyl, C6-i2-hydrocarbon 
aryl or — CH 2 COOH. 35 

27. A method of claim 26 wherein the administration 
is orally or intravasally and is performed about 15-60 
minutes before performing the NMR tomography. 

28. A method of claim 27 wherein the dosage of com- ^ 
plex salt is 1-100 u.mol/kg intravenously. 

29. A method of claim 26, wherein the pharmaceuti- 
cal agent has a pH of 6.5-7.5. 

30. A method of claim 26, wherein the pharmaceuti- 
cal agent is blood isotonic. 45 

31. A method of claim 26, wherein the pharmaceuti- 
cal agent comprises the paramagnetic complex salt dis- 
solved or suspended in water in a concentration of 
5-250 mmol/1. 

32. A method of claim 26, wherein in the pharmaceu- 50 
tical agent, the complex salt is a salt of the complexed 
ion with an inorganic or organic acid or base. 

33. A method of claim 26, wherein in the pharmaceu- 
tical agent, the inorganic or organic acid or base is 
hydrochloric acid, sulfuric acid t acetic acid, citric 3cid, 55 
as panic acid, glutamic acid, sodium hydroxide, gluca- 
mine, N-methylglucamine, N,N-dimethylglucamine, 
ethanolamine, diethanolamine, morpholine, lysine, orni- 
thine or arginine. 

34. A method of claim 26, wherein in the pharmaceu- 60 
tical agent, the complexing agent is an aminopolycar- 
boxylic acid which is nitrilotriacetic acid, N,N,N\N'- 
ethylenediaminetetraacetic acid, N-hydroxyethyl- 
N,N\N'-ethylenediammetriacetic acid, N,N,N',N",N"- 
diethylenetriaminepentaacetic acid or N-hydroxye- 65 
thyliminodiacetic acid. 

35. A method of claim 26, wherein in the pharmaceu- 
tical agent, the complexing agent is of the formula 



n r v 1 

N-H 2 C— hH 2 C-N-CH 2 4~CH 2 -> 



Ri' 



wherein Rj and R|' are identical or different and each is 
hydrogen or alkyl of 1-4 carbon atoms and p is an inte- 
ger of 0-4. 

36. A method of claim 26, wherein in the pharmaceu- 
tical agent, the complexing agent is an aminopolycar- 
boxylic acid of the formula 



15 



*5. 



CH 2 COOH 



CHj 

\ I / 

■ N-(CH 2 «CH 2 -N-CH 2 -WCH 2 t^N 

HOOCCH 2 CH 2 COOH 

wherein 

m is an integer of 1 to 4, 
n is an integer of 0 to 2, and 

R5 is C4-i2-alkyl, C4-i2-alkenyl, C4-i2-cycloalkyl, 
C4- 1 2-cycloalkeny I , C7- 1 2-hyd rocarbon aral ky 1, 
C8-i2-hydrocarbon alkenyl, C6-i2-hydrocarbon 
aryl or — CH 2 COOH. 

37. A method of claim 26, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of a lanthanide 
element of atomic numbers 57-70. 

38. A method of claim 26, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of a transition 
metal of atomic numbers 21-29, 42, or 44. 

39. A method of claim 34, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of a lanthanide 
element of atomic numbers 57-70. 

40. A method of claim 34, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of a transition 
metal of atomic numbers 21-29, 42, or 44, 

41. A method of claim 35, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of a lanthanide 
element of atomic numbers 57-70. 

42. A method of claim 35, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of. a transition 
metal of atomic numbers 21-29, 42, or 44. 

43. A method of claim 36, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of a lanthanide 
element of atomic numbers 57-70. 

44. A method of claim 36, wherein in the pharmaceu- 
tical agent, the complexed ion is an ion of a transition 
metal of atomic numbers 21-29, 42, or 44. 

45. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the di-N- 
methylglucarnine s^lt of the manganese(ll) complex of 
cthylenediaminetetraacetic acid. 

46. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the N- 
methylglucamine salt of the gadolinium(III) complex of 
ethylenediaminetetraacetic acid. 

47. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the di-N- 
methylglucamine salt of the gadolinium(III) complex of * 
diethylenetriaminepentaacetic acid. 

48. A method of claim 26, wherein in the pharmaceu* 
tical agent, the paramagnetic complex salt is the di-N- 
methylglucamine salt of the dysprosium(III) complex of 
diethylenetriaminepentaacetic acid. 
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49 A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the di-N- 
methylgucamine salt of the holmium(III) complex of 
diethylenetriaminepentaacetic acid. 

50. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the diso- 
dium salt of the manganese(II) complex of ethylenedi- 
aminetetraacetic acid. 

51. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the com- 
plex ;ps 

[Ni 2 (C6HuN4)3)a4.2H 2 0. 

52. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the N- 
methylglucamine salt of the gladolinium(III) complex 
of diethylenetriaminepentaacetic acid. 

53. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the copper- 
fll) chloride complex of 4,7, 1 3,1 6,2 1,24-hexaoxa- 1,10- 
diazabicyclo[8.8.8]hexacosane. 

54. A method of claim 26 wherein in the pharmaceuti- 
cal agent, the paramagnetic complex salt is the N- 
methyiglucamine salt of the iron(II) complex of ethane- 
l-hydroxy-l ( l-diphosphonic acid. 

55. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the di- 
lysine salt of the gadolinium(III) complex of diethylene- 
triaminepentaacetic acid. 

56. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the dimor- 
pholine salt of the manganese(II) complex of ethylen- 
dediaminetetraacetic acid. 

57. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the tri-die- 
thanolamine salt of the manganese(H) complex of dieth- 
ylenetriarainepentaacetic acid. 

58. A method of claim 26, wherein in the pharmaceu- 
tical agent, the paramagnetic complex salt is the tri-N- 
methylglucamine salt of the manganese(II) complex of 
diethylenetriaminepentaacetic acid. 

59. A method of claim 26, wherein in the pharmaceu- 
tical agem, the paramagnetic complex salt is the N- 



mcthylglucamine salt of the dysprosium(IIi) complex of 
ethylenediaminetetraacetic acid. 

60. A method of claim 26, wherein in the pharmaceu- 
tical agent, the complex ion is gadolinium(IIl). 
5 61. A method of claim 60, wherein in the pharmaceu- 
tical agent, the ligand is N,N,N',N",N"-diethylene- 
triaminepentaacetic acid. 

62. A method of claim 61, wherein, in the pharmaceu- 
tical agent, the complex salt is a salt of the complexed 

10 ion with the cation of an inorganic base which is sodium 
or an organic base which is N-methylglucamine. 

63. A method of claim 62, wherein in the pharmaceu- 
tical agent, said base is inorganic. 

64. A method of claim 26, wherein in the pharmaceu- 
15 tical agent, the ligand is N,N,N\N",N"-diethylene- 

triaminepentaacetic acid. 

65. In a method of imaging body tissue in a patient, 
comprising subjecting the patient to NMR tomography, 
the improvement comprising, prior to performing the 

20 NMR tomography, administering to the patient an ef- 
fective amount of a pharmaceutical agent for affecting 
the relaxation times of atoms in body tissues undergoing 
NMR diagnosis, whereby image contrast is enhanced, 
said agent comprising an amount, effective to affect 
25 such relaxation times, of a -paramagnetic, phystologi-, 
fcally compatible salt of a complex of an ion and, as a 
ligand, an acyclic or cyclic complexing agent contain- 
ing organic nitrogen, phosphorus, oxygen or sulfur, the 
complexed ion being an ion of a lanthanide element of 
30 atomic numbers 57-70, or of a transition metal of atomic 
numbers 21-29, 42, or 44; and a pharmaceutical^ ac- 
ceptable carrier. 

66. The method of claim 65 wherein the salt is the 
di-N-methylgiucamine salt of the nickel (II) complex of 

35 ethylenediaminetetraacetic acid. 

67. A method of claim 65 wherein the salt is the dieth- 
anolamine salt of the cobalt (II) complex of ethylenedi- 
aminetetraacetic acid. 

68. A method of claim 65 wherein the salt is the di- 
40 diethanolamine salt of the copper (II) complex of ethyl- 
enediaminetetraacetic acid. 

• • * • • 
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